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ABSTRACT OF THE THESIS 
ANALYSIS OF LAND USE CHANGE AS A METHOD OF PREDICTING WATER 
DEMANDS IN AN URBANIZING ENVIRONMENT: REDLAND, MIAMI-DADE 
COUNTY, FLORIDA 
by 
Shiva Prasad Pokharel 
Florida International University, 2014 
Professor Jeffrey A. Onsted, Major Professor 
The fluctuation in water demand in the Redland community of Miami-Dade 
County was examined using land use data from 2001 and 2011 and water estimation 
techniques provided by local and state agencies.  The data was converted to 30 m 
mosaicked raster grids that indicated land use change, and associated water demand 
measured in gallons per day per acre. The results indicate that, first, despite an increase in 
population, water demand decreased overall in Redland from 2001 to 2011.  Second, 
conversion of agricultural lands to residential lands actually caused a decrease in water 
demand in most cases while acquisition of farmland by public agencies also caused a 
sharp decline.  Third, conversion of row crops and groves to nurseries was substantial and 
resulted in a significant increase in water demand in all such areas converted. Finally, 
estimating water demand based on land use, rather than population, is a more accurate 
approach. 
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1. Introduction 
1.1 Background Information 
As the human population grows, along with the per capita footprint of the average 
person, competition for water resources is intensifying around the world (Brian, 2002). 
Stakeholders include the agricultural sector as well as residential, commercial, and 
institutional users (such as schools, prisons, hospitals, and other government facilities). 
Therefore, the needs of natural habitats are often not prioritized when water management 
decisions are made (Viessman, 1990). South Florida offers an opportunity to identify and 
analyze the allocation of water resources. Although South Florida sees annual rainfall 
within the range of about 1000 to 1500 mm (McPherson and Halley, 1996), fresh water is 
still in high demand, especially during the dry season from November through May.  
Therefore, the amount of water required for urban and agricultural uses (while also 
leaving some available for use by natural habitats) may exceed supply, putting agriculture 
and domestic development in competition for the precious resource (McPherson and 
Halley, 1996). 
Land use is often associated with different utilization rates of important 
environmental resources and one of those is the water (Robert, 1981).   As the pace of 
population growth and land use change quickens along with the growing use of water 
intensive crops, supplying water to Miami-Dade County (MDC) will become an 
increasing challenge.  Climate change, with its associated saltwater intrusion from sea 
level rise, will also impact future water resources for the area, thus exacerbating this 
competition (Blanco et al., 2013). 
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Land use changes in MDC have reflected land use changes across the United 
States: loss of agricultural land to urban development (Walker et al. 1997) as well as the 
conversion of larger farms, typified by row and field cropland, to smaller farms, typified 
by nurseries (Pontius et al. under review).  For instance, in 1987 MDC’s average farm 
size was 20.5 hectares while by 2007 the average sized farm in the county dropped to 
11.0 hectares (National Agricultural Statistics Service (NASS), 2012). Redland, an 
agricultural community in MDC situated nearly 20 miles southwest of the city of Miami 
Florida in the United States (Figures 1and 2), is emblematic of both of these changes and 
thus acts as a microcosm for MDC (in context of land use change).  However, in addition 
to these two land use change trends, Redland has also been subject to massive public 
acquisition for the purposes of expanding ENP as well as for the creation of water 
conservation areas by the state of Florida, South Florida Water Management District 
(SFWMD), US Army Corps of Engineers (USACE), and MDC, thus reducing 
anthropogenic water demand in the area.   
 
 
 
 
 
 
 
 
 
Figure 1 Florida located within North America and Miami-Dade County within Florida 
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Figure 2 Redland located within Miami-Dade County 
1.2 Land Use Change 
Land use activities have transformed the vast array of land surface worldwide by 
both converting natural landscapes for human use and changing management practices on 
human dominated lands (Foley et al. 2005). So, land use change is of key importance to 
understanding the relationship between natural and human systems (Turner and Meyer, 
1994). Land use change has been accelerated by technological changes (particularly in 
agriculture) and government interventions (e.g. infrastructure development) (Nerlove and 
Sadka, 1991).   
There is urban expansion virtually in every land area in the United States in recent 
decades (UNEPA, 2001) and there is no exception in South Florida land use. South 
Florida land cover remained more or less in a natural state until the end of the 19th 
4 
 
century. Though the indigenous populations were thought to be responsible for altering 
the landscape through hunting, foraging, and use of fire, much of the ecological integrity 
of the Everglades watershed remained intact until the early 1900s (Solecki, 2001).  Since 
the early 1950s, profound modifications and conversion of land have taken place in South 
Florida. There were several driving forces behind this, including increased national 
demand for winter vegetables and fruits and rapid population growth in response to 
tourism and changing residential preferences, particularly among retirees (Arsenault, 
1984), and of course the invention of air conditioning.  
The primary goal of modification was to drain the swamp land and exploit its 
fertile soil along with the favorable subtropical climate for agriculture (Chimney & 
Gosforth, 2001). This infrastructure development was carried out by the U.S. Army 
Corps of Engineers (USACE) from 1953 to 1967 as part of the federally authorized 
Central and Southern Florida Project for Flood Control and Other Purposes (C&SF 
Project). These modifications included the construction of more than 2400 kilometers of 
canals and levees, 125 major water control structures, 18 major pump stations, and 
hundreds of smaller structures, changing the majority of the Everglade’s landscape and 
thereby reducing the natural flow (Chimney & Goforth, 2001). As a result, nearly half of 
the historical Everglades’ wetlands have been reclaimed for agriculture or development 
(McCormick et al., 2009).  The operation of this enormous and complex drainage system 
is controlled by the SFWMD and is considered one of the great engineering achievements 
in the world (Chimney & Goforth, 2001). 
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1.3 Conservation Attempts and Land Acquisition 
People’s perceptions of the Everglades have changed (Solecki et al. 1999).  
Observing the unintended consequences of its modification (such as loss of native 
species, pumping of significant amounts of valuable freshwater to sea, lowered water 
quality, and saltwater intrusion, etc.) has sparked a growing concern for Everglades 
restoration (Ibid). This led to the formulation of the largest restoration project in history 
called the “Comprehensive Everglades Restoration Plan” (CERP).  CERP is the modified 
plan by the federal government to address the shortcomings of (C&SF Project) and was 
approved by the U. S. Congress and signed by President Clinton in December 2000 in the 
Water Resources Development Act of 2000 (Perry, 2008). The USACE and SFWMD 
were assigned to lead the implementation of the CERP projects, this time with the aim of 
preservation and restoration of the Everglades. The attention of restoration efforts thus far 
has focused on adding water storage capacity, reducing groundwater seepage, improving 
regulatory delivery and timing of water to avoid environmental damage, and where 
feasible, improving the quality of water to be used for Everglades restoration (Perry, 
2008). 
For the purpose of ecological and water conservation, agriculture lands have been 
purchased by state and federal agencies throughout MDC in general and Redland in 
particular. According to Perry 2008, in Florida, there are several land acquisition 
programs namely Conservation and Recreation Lands (CARLS) program and Land 
Acquisition Trust Fund (LATF). The Federal government has also been involved in land 
acquisition in order to implement the Everglades Expansion and Protection Act of 1989. 
Also, land acquisition for water retention purposes have been highly prioritized under the 
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South Florida Ecosystem Restoration Program (SFERTF Section 5) and especially the 
Everglades Agricultural Area (EAA) is involved in reservoir-storage development, Storm 
Water Treatment Areas (STA) or constructed wetlands (Aillery et al. 2001). In addition 
to that, some NGO’s like the Audubon Society and the Nature Conservancy have also 
played a key role in sensitive land acquisition. More than 16,187 hectares of land have 
been acquired from EAA for Storm Water Management (STA) purposes (Anderson and 
Rosendahl, 1998). By 1991, nearly 1862 hectares of land (mostly farmland) in Redland 
had been acquired by ENP while SFWMD has acquired 1012 additional hectares of 
farmland since 1994 (MDC, 1994 and 2007).  
 
1.4 Urban Development Boundary 
Land use patterns in MDC have also been managed by the County’s 
Comprehensive Development Master Plan (CDMP). The CDMP acts as a framework to 
identify the general parameters for land use planning and zoning, i.e. it addresses 
allowable land development or land conservation based on the County’s policies and 
intentions (Miami-Dade Planning and Zoning, 2008). For this, urban and rural areas have 
been well demarcated by the Urban Development Boundary (UDB). The idea is to ensure 
that the urban activities get concentrated within the UDB and thus protect the vital natural 
land and productive agricultural land outside of the UDB (Groso et. al. 2005). Currently, 
the UDB protects the Everglades lands, MDC’s groundwater well-field protection area 
(MDC’s drinking water source) to the northwest, most of the Redland area (a prime 
agricultural area) to the southwest, and the Biscayne Bay watershed to the southeast. 
According to CDMP policy, there is a provision for amendment of the UDB; however, 
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due to its agricultural importance, the Redland Agricultural Area is considered off-limits 
to UDB expansion (Agricultural land retention strategy). 
 
1.5 Population Scenarios and Water Demand 
In 1900, South Florida (defined as the seven following counties: Palm Beach, 
Broward, Miami-Dade, Hendry, Lee, Collier, and Monroe (not including Key West)  had 
a very small population; only 2000 people inhabited the whole region, not including Key 
West (Solecki, 2001). A minimal amount of land was used for agricultural production 
and was only for the subsistence of locals and the consumption demands of a population 
of elite tourists (Snyder and Davidson, 1994). By 2008, Southeast Florida (defined as the 
seven following counties: Indian River, St. Lucie, Martin, Palm Beach, Broward, Miami-
Dade, and Monroe) had a population of 6.2 million, larger than 34 of the 50 states 
(Ogburn, 2010). Miami-Dade was the 8th largest county in the nation and the population 
had increased from 2.2 million in 2000 to an estimated 2.5 million in 2009, an 
approximate 14% increase in population (US Census Bureau, 2010).  As the population 
has increased, overall municipal water consumption has also been affected. In 2011, the 
MDC Water and Sewer District pumped an average of 305.7 million gallons per day 
(MGD) but is projected to use between 367 and 390 MGD by 2026.This projected range 
is   is based on population change and water demand change between 2007 and 2011 
(MDC, 2011).  In that time, water demand actually decreased from 315.8 MGD to 305.7 
MGD, over a 3 % decrease, while the population actually increased nearly 1% in that 
time.  This reduction equals a per capita water demand change from 143 to 134 in 
Gallons Per Capita per Day (GPCD).  The high projection of 390 MGD assumes that 
8 
 
water conservation efforts no longer apply while the lower projection of 367 MGD 
assumes they do.  They both use the same projected 2026 service district population of 
2.65 million, a 16% increase over the 2011 population of 2.28 million people.   
With continued population growth, land development, current flood control 
measures and expected climate change, water allocation in MDC has become of major 
concern. There is increased competition among water users from municipal (residential, 
commercial, industrial and governmental uses), agricultural, and ecological sectors 
(Everglades National Park) as the demand exceeds the supply in many areas (Dzurik et. 
al., 1984).  
Agriculture is the largest water user sector in Florida representing 48 % of the 
State’s total freshwater withdrawn in 2000 (Marella, 2004).  Agricultural water use is 
comprised of irrigation, livestock watering and aquaculture (SFWMD, 2007). A time 
series of water withdrawal trends by supply category shows agricultural uses as being 
dominant for the period 1975 – 2005 (Fig 3). 
 
Figure 3 USGS water use trends 2005 (Excerpted from USGS, 2008) 
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According to the USGS, total agricultural and public supply holds the largest 
share of freshwater withdrawal in 2005 (Fig. 3). Between 2000 and 2005, water 
withdrawals for agricultural irrigation dropped by about 1200 MGD, unlike the 
continuous rise of public water supply since 1975. 
The residential sector is primarily represented by Single Family (SF) and Multi-
Family (MF) users. SF parcels are typically comprised of individually landscaped and 
irrigated yards. Government/public water usage represents the portion of water used in 
government buildings, parks and along roadways. Other non-residential water users may 
be offices, shops, retail businesses, warehouse and restaurants including light industrial 
manufacturing, etc. (MDWASD, 2005). 
 
1.6 Water Use 
Human beings have always utilized fresh water according to our needs (Gleick, 
2003). Over time, developments in engineering and technological innovations of dams 
and irrigation canals have boosted agricultural production worldwide. According to 
Gleick (2003), urbanization of any area requires the advancement of sophisticated 
infrastructures to reach the water users along with an innovative system to remove the 
waste. A conventional focus on water use relied on infrastructure design and economic 
viability of water supply systems like constructing dams and aqueducts for water 
treatment and distribution facilities, whereas a modern approach of water use relies on 
water efficient technologies (Gleick, 2003). Fortunately, saving water around the house is 
significantly easier today than ever before. Modern design of toilets, showers and faucets 
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are considered to be more efficient and can save many gallons per day of household 
water. 
Primary thoughts by water managers on increased water use and supply 
infrastructure expansion were mainly based on socio-economic variables like population 
and economic growth (Gleick, 2003; Siklomanov and Rodda, 2004). Increases in 
population and economic growth cause a dramatic rise in water use. Later, it was realized 
that population and economic growth are not solely responsible for water use rise. Rock 
(1998) found a nonlinear relationship of water and economic growth by analyzing the 
GDP and per capita water withdrawal in 68 countries. Similar results were found by 
Gleick (2003).  
Simple models of water demand simply take into account the amount of water 
used and the number of people using it.  This allows the calculation of gallons per capita 
per day (gpcd).  When estimating future demand, many simple models take expected 
future population growth and then multiply that with the current gpcd to derive a future 
estimated water demand.  Though this may seem dangerously simplistic, Billing and 
Jones (2008) reported that the majority of water management agencies nationwide were 
applying this method to estimate future water demand.  Furthermore, the Pacific Institute 
(2013) reported that less than half of water management agencies took into account land 
use change when making demand forecasts.  The Pacific Institute reports that most water 
demand models actually overestimated water demand, some to a very large degree.   For 
example, in 1965 Seattle Public Utilities predicted that by 1985 its water demand would 
increase from 150 Million gallons annually to 260 Million gallons annually.  The actual 
water demand in 1985 was 160 Million Gallons annually (Pacific Institute, 2013), thus 
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the forecast was eleven times higher than the actual increase over the 20 year period.  
Subsequent forecasts remained well over actual demand as well (Pacific Institute, 2013).    
A land use based approach, therefore, is considered to be more appropriate 
compared to traditional population and economic growth model for water use study, 
especially in estimating the demand (Huo et al, 2006). For this conclusion, Huo et al, 
(2006) used the land use approach to prepare a long-range water supply facilities work 
plan for the city of Cape Coral in southwest Florida by linking land use and water billing 
data using ArcGIS software. SFWMD, as required in 2002 Legislation, has also made the 
land use based approach mandatory in order to have better coordination of water supply 
planning and land use planning in local government comprehensive plans (Huo et al, 
2006). Despite these facts there is paucity of literature related to land use approach for 
water use study.  Though using land use as the driver of water demand is not a 
universally embraced technique the methods used in this thesis, though laborious, offer a 
more nuanced and far less coarse derivation of water demand than a simple population 
forecast.    
 
1.7 Research Questions and Hypotheses 
As land use change is often proposed, planned for, or forecast, appending an 
associated water extraction scenario to such proposals, plans, and forecasts could be of 
great value to water managers as well as other policy and decision-makers.  
Consequently, by better understanding past land use change and its associated water 
extraction fluctuations, water managers can better plan for future water needs across time, 
space, as well as economic sectors.  This study aims to analyze land use change and its 
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associated water use impacts in the Redland community of MDC. To be clear, this study 
is concerned only with human consumption of water, not other allocations that are 
involved with Everglades’s restoration, water storage, conservation, or any other non-
consumptive uses.  As Redland has a diversity of land uses and changes that are 
representative of all of MDC, understanding these changes in Redland can shed light on 
changes across the County and South Florida.  Water use in Redland has shifted 
throughout the years, both by land use category and geographically. Therefore, this study 
especially focuses on identifying various parts of Redland that have exhibited an 
increased or decreased water demand.  Estimated water demand “intensity” will also be 
measured in this study.  This is defined as the gallons per day (GPD) per acre that is 
estimated for different land uses.  The findings of this study will provide insight on land 
use change and its consequent impacts on water consumption trends in different sectors 
of Redland.  The study has been guided by the following research questions: 
• How has the widespread conversion of farmland to residential land uses affected 
the overall amount of water used in Redland? 
• How has the average intensity of water demand per acre changed overall in 
Redland? 
1. Specifically, what type of land conversions have resulted in greater 
intensity of water demand?  Where are the areas of greatest intensity 
change? 
2. How has the locus of water demand intensity shifted in Redland? 
• How has the percentage of water demand allocated shifted by land use in the last 
10 years?   
13 
 
1.7.1 Objectives 
The overall goal of this study is to analyze land use change and its associated 
impacts on water use in Redland.  
 Specifically: 
• To compare Municipal vs. Agricultural water usage in Redland over time 
• To study the water usage in different land categories of Redland and estimate the 
change in water demand  
1.7.2 Hypotheses 
Based on the results to the research questions cited above, I hypothesize the 
following: 
• The conversion of agricultural lands to residential lands in Redland has resulted in 
an overall increase in water demand for Redland. 
• Farmland that converts to residential lands results in an increase in water demand 
per acre. 
• Areas of greatest water demand intensity change are in the Northeast corner 
(Richmond West) and the Southeast Corner (Naranja) due to the heavy 
conversion from farmland to residential development there. 
• With increases in development, water demand has shifted from West to East 
within Redland. 
• Residential water use has increased while agricultural water use has decreased. 
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2. Methods 
2.1 Introduction 
The first and necessary step to answering the research questions in Chapter 1 was 
to implement a system of coding whereby each land use classification could receive 
water demand estimation.  There were two main sources of data as well as two methods 
of estimating water demand.  Two data sources were necessary because Redland covers 
two water jurisdictions: the MDC Water and Sewer District (WASD) as well as direct 
permitting for agriculture from the SFWMD.  The first data sources were two appraiser 
shapefiles from MDC, one from 2001 and one from 2011.  For agricultural land water 
demand estimations were dependent upon techniques developed by the SFWMD and 
USGS.  Table 1 displays the different data sources and their purpose. 
Table 1 Data Used to estimate water demand 
Data Source Purpose Caveats 
2001 and 2011 
Appraiser 
Shapefiles 
MDC 
Appraiser 
To classify all non-
agricultural and non-public 
lands according to water 
estimation assumptions 
provided by MDCWASD 
2011 Data has 
additional info 
that assisted in 
interpretation.  
2001 does not. 
2001 and 2011 
Land Use 
Shapefiles 
MDC Planning 
And Zoning 
Used to identify different 
types of agricultural land 
uses. 
Different 
coding system 
from appraiser 
shapefiles. 
Water estimation 
document showing 
both current and 
old estimation 
techniques 
(Appendix 1) 
MDC WASD To properly identify and 
estimate water demand for all 
non-agricultural and non-
public parcels in MDC 
The land use 
classes 
discussed in 
document are 
not identical 
to those 
classification 
used by 
appraiser.  
Interpretation 
necessary. 
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Percent irrigated 
land  
USDA NASS 
(2002) 
To calculate amount of 
irrigated land in different 
farmland categories for 2001 
LU data 
Average given 
to all lands of 
that type. 
Percent Irrigated 
Land 
USDA NASS 
(2007) 
To calculate amount of 
irrigated land in different 
farmland categories for 2011 
Land Use data 
Average given 
to all lands of 
that type. 
 
2.2 Rendering of Data 
To estimate water demand across the study site, the different data sources had to 
be non-overlapping and assigned a water demand as calculated by gallons per day per 
acre or GPD per acre.  To ensure non-overlapping areas, all those properties in the 
appraiser shapefiles that were either State or Federal owned lands as well as agricultural 
were removed from the shapefiles.  Next, agricultural lands were analyzed from the land 
use shapefiles.  Certain agricultural classifications (780 and 790) were given a value of 
zero as explained in Table 2.  Whenever possible those zero values were supplemented 
by any findings in the appraiser shapefile to maximize the amount of possible data.  Thus 
three shapefiles for each year were created.   
 
2.3 Municipal Water Estimation 
Using the data sources (Table 1) all of the shapefiles was coded with an estimated 
GPD per acre.  In most cases, the given Acreage, rather than a recalculated acreage was 
given in order to more accurately reflect water demand intensity per acre.  For example, a 
100 acre property that only had 10% of its land area in Redland would keep its 100 acre 
status and thus not get a spuriously high GPD per acre value.  Next, those properties in 
the appraiser shapefiles that were either State or Federal owned lands as well as 
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agricultural were removed since those were analyzed in the Land use shapefiles provided 
by Planning and Zoning.  Next, agricultural lands were analyzed from the land use 
shapefiles (as explained in 3.3).  As shown in Table 2, certain classifications (750, 780 
and 790) were given a value of zero.  Whenever possible those zero values were 
supplemented by findings in the appraiser shapefiles to maximize the amount of possible 
data.  Thus three non-overlapping shapefiles for each year were created.  To estimate 
water demand in the appraiser shapefiles the assumptions used by MDC WASD as shown 
in Appendix 1 were used.  These assumptions often relied upon either square footage of a 
building or the number of units in a building.  This is why it was necessary to use 
appraiser data rather than land use data from planning and zoning in order to estimate 
municipal water demand.  Unfortunately, they both use different land use codes (See 
appendices 2 versus 4).  As a further difficulty, the WASD uses different land use 
categories from the appraiser’s office.  Therefore, it was necessary to interpret and 
translate the information between Appendix 1 and 2.  The resulting assumptions are 
found in Appendix 3.  This Appendix identifies each County Land Use Code of the 
appraiser’s office and gives a corresponding water estimation assumption as interpreted 
from Appendix 1.  It is important to note that the 2011 Appraiser shapefile was 
supplemented by State Land Use Code information (Appendix 2) while the 2001 
appraiser shapefile did not have such supplementation.   Lastly, the water estimations 
from the WASD (Appendix 1) show deleted as well as non-deleted estimations.  The 
deleted (shown as strike through text) text corresponds to 2001 water estimations based 
on land use while the non-deleted text corresponds to 2011 water estimations based on 
land use (Virginia Walsh, personal communication).   The documents I received from 
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WASD were accompanied by verbal guidance.  Dr. Walsh explained that the deleted 
estimations were accurate for water demand in 2001 (deleted because they were old) 
while the non-deleted estimations were accurate for water demand in 2011 (non-deleted 
because they are current).  These documents were delivered with those aforementioned 
portions struck through as deleted text.  I did not make any changes to these documents.  
With water demand for each parcel calculated then water demand per acre could also be 
calculated and thus water demand intensity is assigned to each parcel. 
 
2.4 Estimated Water Demand for Agricultural Land Use Categories 
In this study, agricultural water demand estimates based on irrigated acreage, use 
coefficients, crop and soil type, and irrigation models were identified in USGS and 
SFWMD reports.  Though it is possible to meter water in agricultural areas and therefore 
know the exact amount of water being used, most farms in MDC are not metered 
(Renken, et al. 2005).  Furthermore, the data obtained from SFWMD that did offer actual 
metered data was often spread over several non-contiguous parcels and/or was not 
available in both time periods.  Therefore, the SFWMD often estimates the amount of 
water being used in agricultural areas and this thesis reproduces that methodology.   
Agricultural water demand is estimated by calculating evapotranspiration (ET) as 
well as certain crop coefficients.  ET is necessary for the plant photosynthesis and 
increases with low humidity, high insolation, and high wind (Smajstrla, et. al, 2008).  
Therefore, average ET values vary over space and time and are therefore indicative of 
local climatic conditions.  Thus, an estimation of ET values for MDC is performed by 
SFWMD to estimate irrigation needs.  A modified form of the Braney-Criddle Equation 
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that includes crop coefficients (Eq. 1) is used to make this estimation (Marella, 1999; 
Renken, et al. 2005).  Though these estimations are old (1995), they are the most recent 
found that specifically make estimates for Miami-Dade County, broken down by different 
types of agricultural land uses.  Though the specific modifications made to the Blaney-
Criddle formulation by the researchers were not divulged (Marella, 1999; Renken, et al. 
2005) the results of their calculations based on agricultural land use were presented in the 
research.  Also, since Marella (1999) and Renken and colleages (2005) focused on 
different agricultural land uses, both are used to cover as many agricultural land uses as 
possible in MDC.  Lastly, since the percent of irrigated land in both Row crops as well as 
Groves is important to estimate water demand the USDA National Agricultural Statistics 
Service was employed to discover the total percentage of Row Crops irrigated by acreage 
as well as Groves.  This was calculated using the 2002 Agricultural Census for 2001 land 
use and the 2007 Agricultural Census for the 2011 land use data.  Unfortunately, the 
results from the 2012 Census are as of yet not fully available.  To be clear, I did not 
calculate the ET of these various areas in Redland, Marela (1999) as well as Renken and 
colleagues (2005) did this for all of MDC and I used their estimations in this research.  
Without more recent data, I assumed the same ET (from the findings of  Marela 1999 and 
Renken et al. 2005) based on land use for both 2001 and 2011.  
Since the Land Use data does not provide specific information regarding whether 
or not nurseries are using containers or are in the ground, the average of both Marella’s 
(1999) and Renken and colleagues estimations were used.  Finally, Renken and 
colleagues’ (2005) estimations were used for golf courses while Marella’s (1999) 
estimations for improved pasture and aquaculture were employed.   Though golf courses 
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and aquaculture do consume a great deal of water they comprise a very small amount of 
acreage in Redland and are therefore not major determinants in overall water demand.  
As for nurseries, they are very important but I did not have the data to differentiate 
between above ground and below ground nurseries in the same way that Renken and 
Marella did so I used the average of their percent irrigated area.  If I was to assume the 
higher amount of irrigated area then each parcel would have a lower GPD per acre 
whereas if I were to assume the lower, then each parcel would have a higher GPD per 
acre.  I could then take the higher or the lower of the above ground or below ground 
average water demands.  Again, that would increase or decrease the GPD per acre for all 
nurseries. Lacking more specific information, I decided to just take the average of this 
range. More specific information would of course be helpful to make a more precise 
estimate. 
Equation 1: The Blaney-Criddle Formulation 
ETo = p ·(0.46·Tmean + 8) 
Where: 
ETo is the reference evapotranspiration [mm day−1] (monthly) 
Tmean is the mean daily temperature [°C] given as Tmean = (Tmax + Tmin )/ 2 
p is the mean daily percentage of annual daytime hours. 
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Table 2 Translation and interpretation of Ag land classes in Appendix 4 according to 
SFWMD and USGS estimates of water demand per agricultural land use.   
Ag type 
by CLUC 
(Appendix 
4) 
As identified 
in Sources 
Percent of parcel area assumed to be 
irrigated 
Renken 
(million 
gallons per 
acre/day) 
710 
(Groves) 
Fruit 
Orchards 
80.3% irrigated in 2001 (USDA 2002) 
79.3% irrigated in 2011  (USDA 2007) 
0.00198365 b 
720 (Row 
and Field 
Cropland) 
Row Crops 87.6%  irrigated in 2001  (USDA 2002) 
83.4% irrigated in 2011 (USDA   2007)   
0.00127081 b 
730 
(Pasture) 
Improved 
Pasture 
10% 0.00089337 a 
731 Horse 
Training 
Improved 
Pasture 
10% 0.00089337 a 
732 
(Poultry) 
Improved 
Pasture 
10% 0.00089337 a 
750 
Fallow 
 0% 0 
760 (Plant 
Nurseries) 
Ornamental 
Container 
AND 
Ornamental 
Field Growth 
Problem (in 
2001 can’t 
differentiate) 
90 % for container b 
98%  for field a   
Average is 94% 
Container 
0.00206117 b 
Field Grown 
0.00196995 a 
 
Average is: 
0.00201556 
770 (Fish 
Farms) 
  0.0037197 a 
780 Farm 
Storge 
 0 0 
790 (Ag 
Other) 
 0 0 
Golf 
Course 
 80.6% b 
 
0.00257873 b 
a( Marella, R.L., 1999); b(Renken, R.A.et.al, 2005) 
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With water demand for each agricultural parcel calculated then water demand per acre 
could also be calculated and thus water demand intensity is assigned to each parcel. 
 
2.5 Raster Analysis 
For analysis each shapefile was converted to a raster grid at 30 meter resolution.  
The 2001 rasters were then mosaicked into one raster and the same was done for the 2011 
rasters.  Map Algebra was then used to subtract 2011 water demand intensity from 2001.  
This reveals the areas in Redland where GPD per acre has increased or decreased.  Then 
the 2001, 2011, and Water difference rasters were combined so that all the information 
for each cell was contained.    There were 673 unique land use change combinations 
between 2001 and 2011 (including no change).  When accounting for the more specific 
appraiser information that allowed for the GPD per acre to be calculated, and when this 
information is combined into a new raster, then there are 9887 combinations of land use 
change coupled with water demand change.  Therefore, an exhaustive accounting of these 
9887 combinations of change is not tenable.  However, by focusing on: a) only those 
areas where land use actually changed; b) focusing on those combinations of land use 
changes (LUC) that account for the greatest amount of LUC; and c) focusing on those 
situations which resulted in the greatest water demand change, then the results can be 
more easily managed.   
Due to the rasterization and the arbitrary imposition of a grid over more precise 
vector data, errors are bound to occur.  Therefore, certain parts of canals and other water 
sites were assigned water demand values.  As for Parks, many of these were given a value 
of zero since most of this acreage is not being irrigated but the category was kept because 
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golf courses and cemeteries (which were treated as golf courses) were in this category.  
As for vacant land, much of this was given zero if the appraiser office showed no 
buildings on site; however, if there were buildings on the site then they were assigned 
appropriate values according to the table.  The reason two separate files were used is 
because the appraiser files had more information regarding building square footage, 
bedrooms, bathrooms, etc.  However, the County land use shapefiles had more categories 
of land use data to choose from and thus was a richer dataset. This was therefore used for 
Agricultural data.  To maintain consistency in overall land use analysis only the County 
land use shapefiles are shown and analyzed. Again, there are different systems as well as 
other forms of disagreement between County land use shapefiles and the appraiser 
shapefiles but both were necessary in order to complete an adequate analysis.   
The application of this methodology resulted in a rich raster dataset where each 30 
meter cell contains: 
A) Land use in 2001;  
B) Land Use in 2011;  
C) GPD per acre for 2001;  
D) GPD per acre for 2011; and  
E) The difference in GPD per acre between 2001 and 2011.   
Due to the large number of unique combinations of land use change coupled with 
water demand change, the data was explored by sorting and summarizing to discover 
those land use changes that were most meaningful to water demand change. These 
important land uses were discovered by first aggregating the land use classes into 10 
categories.  Some of these land categories comprise large acreage, such as Parks and 
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Open Space, but have a small water demand while others have a high water demand per 
acre, such as Industrial, but comprise very small acreage in Redland.  Therefore, land 
categories including Parks and Open Space, Vacant, Commercial, Industrial, Institutional, 
and Hotel were aggregated together into a category called Other Land.   Though 
accounting for over 1/3 of the total acreage, Other Land is calculated to have merely 
6.27% of the estimated water demand in 2011.  Therefore, land uses that comprised small 
acreages and/or land uses that comprised large acreages but were estimated to have little 
water demand were in some aspects of the analysis grouped together so that those more 
important land uses (as far as water demand is concerned) could be more easily identified 
and focused upon.  Doing this reveals that there are three large water using categories: 
Nurseries, Row and Field Cropland, and Groves.  As will be seen, these categories also 
underwent a great deal of land use change.  Other agricultural categories including 
Poultry, Aquaculture, Horse Stables, Farm Storage, and Fallow, were aggregated together 
since comprise only a small fraction of both agricultural acreage as well as total water 
demand. 
 
2.6 Mean Weight  
With the data in raster format then spatial analysis can be performed.  By 
weighting each cell with its water demand and then using a weighted mean algorithm the 
center of water demand in both 2001 and 2011 were calculated.   
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3. Results 
To orient the study area, Fig. 4 offers a 2001 map of land uses that are most relevant to 
water demand change while Fig. 5 shows the same 2011 land uses. Fig. 6 and 7 show 
water demand intensity in Redland in both years, respectively. The 10 general land use 
categories for 2001 and 2011 are shown in Tables 3 and 4, respectively.  Each specific 
agricultural category was analyzed for water demand as seen in Tables 5 and 6. 
 
Figure 4 Redland Land Use 2001 (Note: This is a snapshot of land use in Redland 
in 2001, along with a table that depicts acreage in each category as well as the 
percentage that acreage represents of total acreage of all land in Redland.)   
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Figure 5 Redland Land Use 2011 (Note: This is a snapshot of land use in Redland in 
2011, along with a table that depicts acreage in each category as well as the 
percentage that acreage represents of total acreage of all land in Redland.)   
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Figure 6 Redland Estimated Water Demand Intensity 2001 
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Figure 7 Redland Estimated Water Demand Intensity 2011 
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Table 3 2001 General Land Use in Redland (Generalization guidance found in Appendix 4) 
 
 
Table 4 2011 General Land Use in Redland (Generalization guidance found in Appendix 4) 
 
 
 
 
 
 
 
2001 Generalized Lan Acreage Percent GPD Percent GPD/Acre
Residential 5335 10% 4,623,698 9% 867
Commercial 174 0% 83,341 0% 479
Hotel 8 0% 13,327 0% 1666
Industrial 122 0% 98,226 0% 805
Institutional 247 0% 86,644 0% 351
Parks 5327 9% 396,114 1% 74
Roads and Util 4808 9% 2,366,160 5% 492
Agriculture 34888 62% 40,273,252 80% 1154
Vacant 4455 8% 2,366,160 5% 531
Water 743 1% 276,943 1% 373
Total 56107 50,583,865
2011 Generalized LandAcres Percent GPD Percent GPD/Acre
Residential 8687 15% 4,838,018 11% 557
Commercial 241 0% 303,626 1% 1260
Hotel 6 0% 3,726 0% 621
Industrial 127 0% 65,082 0% 512
Institutional 358 1% 120,651 0% 337
Parks 5002 9% 423,998 1% 85
Roads and Util 4386 8% 1,485,882 3% 339
Agriculture 28881 51% 36,995,667 83% 1281
Vacant 7830 14% 206,375 0% 26
Water 726 1% 188,250 0% 259
Total 56244 44,631,275
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Table 5 2001 Specific Agricultural Land Use in Redland (Categories specified in Appendix 4) 
 
 
Table 6 2011 Specific Agricultural Land Use in Redland (Categories specified in Appendix 4) 
 
 
Not surprisingly, many areas in Redland were persistent in their land use and thus 
the no major change category comprises a large amount of acreage.  Nevertheless, over 
2600 acres of agricultural land was converted to residential in this 10 year period while 
over 5300 other agricultural acres were converted to Other Land.  This is largely due to 
the acquisition of farmland in the Western portion of Redland by the SFWMD for the 
purposes of creating a water conservation and buffer area for Everglades National Park.  
2001 Specific Ag Categories Acres Per Ag Per Overall GPD Per Ag Per Overall
Groves 11727 34% 21% 15,470,532 38% 31%
Row and Field 16125 46% 29% 16,385,779 41% 32%
Pasture 229 1% 0% 83,511 0% 0%
Horse Training 830 2% 1% 265,379 1% 1%
Poultry 52 0% 0% 14,244 0% 0%
Fallow 409 1% 1% 98,438 0% 0%
Nurseries 5032 14% 9% 7,678,666 19% 15%
Fish Farms 20 0% 0% 50,308 0% 0%
Farm Storage 418 1% 1% 214,419 1% 0%
Other Ag 46 0% 0% 11,976 0% 0%
Total 34888 40,273,252
2011 Specific Ag Categories Acres Per Ag Per Overall GPD Per Ag Per Overall
Groves 9359 32% 17% 12,744,405 34% 29%
Row and Field 9637 33% 17% 9,602,374 26% 22%
Pasture 214 1% 0% 59,146 0% 0%
Horse Training 339 1% 1% 89,056 0% 0%
Poultry 9 0% 0% 634 0% 0%
Fallow 284 1% 1% 47,409 0% 0%
Nurseries 8579 30% 15% 14,311,111 39% 32%
Fish Farms 11 0% 0% 29,118 0% 0%
Farm Storage 274 1% 0% 96,491 0% 0%
Other Ag 175 1% 0% 15,923 0% 0%
Total 28881 36,995,667
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In total, over 6000 net acres of agricultural land were converted to something else from 
2001 to 2011, a 17% drop in acreage (net is used because some lands have converted into 
agriculture, etc.).  
 
 
 
Figure 8 Major Land Use Changes in Redland 2001 to 2011 (Note: By identifying 
those land use changes that also were responsible for the greatest water demand 
changes, this map depicts the most important changes in land use.  Areas of No 
Major Change are either the same land use code for each time period or it is a very 
similar land use code (one type of commercial code to another type of commercial 
code, for example).  These areas, therefore, are listed as No Major Change.) 
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  Fig. 9 shows water demand change across Redland while Fig. 10 depicts those 
land use changes associated with the greatest decreases in water demand.  Due to the 
large acquisitions, Row and Field Crops to Other as well as Groves to Other are together 
responsible for over half of all land use changes that resulted in decreased water demand.  
Other notable changes include changes from Groves to Row and Field Cropland, 
Nurseries to Row and Field Cropland as well as Row and Field Crops to Other Ag.  
Together, however, these three Land Use changes still consist of only about 7% of all 
land use changes that resulted in decreased water demand.  The total GPD decrease listed 
(over 9 million GPD) consists only of those decreases that are associated with land use 
change.  It is important to understand that due to changes in irrigated area or changes in 
WASD estimations between 2001 and 2011, certain lands can remain unchanged between 
2001 and 2011 and yet have different water demand estimations.  As for those land use 
changes that resulted in water increases (Fig. 11), by far the most important is Row and 
Field Crop to Nurseries, which by itself resulted in nearly one third of all water increases 
associated with land use change.  Other Land to Nurseries as well as Groves to Nurseries 
also contributes to over 16% of all water increases associated with land use change.  
Other to Groves and Other to Row contribute 8.5% each towards water increases 
associated with land use change.   
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Figure 9 Water Demand Change in Redland from 2001 to 2011 (Note: % Change 
category refers to the percentage increase or decrease in total water demand for that 
category from 2001 to 2011.  Therefore, total water demand for nurseries increased 
86.37%, etc.  Table does not reflect all GPD change but only those associated with 
land use changes.)       
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Table 7 Land Changes Leading to Greatest Water Decrease in GPD (Note: Total only 
includes all water demand decreases associated with land use change.) 
 
 
 
Figure 10 Land Changes associated with greatest water demand decreases in Redland 
 
 
 
 
 
 
 
Land Use Change Decrease GPD per Acre Acres Total GPD Decrease % of Total Decrease
Row to Other -1077 3,135 -3,377,065 -37%
Grove to Other -1516 1,570 -2,379,612 -26%
Grove to Row -532 580 -308,560 -3%
Nurseries to Row -833 228 -189,924 -2%
Row to Other Ag -1113 128 -142,464 -2%
Total (including those not listed) -9,230,731
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Table 8 Land Changes Leading to Greatest Water Increase in GPD (Note: Total only 
includes all water demand increases associated with land use change.) 
 
 
 
Figure 11 Land Changes associated with greatest water demand increases in Redland 
 
The large proliferation of nurseries from 2001 to 2011 is an important area of 
focus.  During this time, there was a net 41% increase in acreage dedicated to nurseries.  
By 2011, there were over 8500 acres so dedicated, mostly distributed in the central 
portion of Redland.  Though, this is still only around 16.5% of all land area in Redland, 
by 2011 Nurseries, with their high GPD per acre, accounted for 1/3 of all water demand 
LU Change Increase GPD per Acre ACRES Total GPD Increase % of Total Increase
Other to Groves 1339 372 498,359 9%
Other to Row 986 505 497,975 8%
Other to Nurseries 1653 439 725,674 12%
Groves to Nurseries 300 745 223,500 4%
Row to Groves 458 781 357,698 6%
Row to Nurseries 872 2168 1,889,910 32%
Total (including those not listed) 5,859,556
498,359
497,975
725,674
223,500
357,698
1,889,910
Land Changes leading to greatest Water Increase in 
GPD
Other to Groves Other to Row Other to Nurseries
Groves to Nurseries Row to Groves Row to Nurseries
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in Redland (Table 6).   Nearly 80% of all new nursery acreage came from either Row and 
Field Cropland or Groves.  Thus, with the acquisitions in the West by SFWMD, the 
conversion to nurseries in the center, and the development in the East, Row and Field 
Cropland decreased by 40% while Groves decreased by 20%.  Though overall 
agricultural land decreased by over 17% in the ten year period, average GPD per acre of 
agricultural land increased from 1154 to 1281, an 11% increase, mostly due to the 
increase in nurseries.  This somewhat attenuates what would be a more drastic drop in 
overall water demand in the area and thus there is only an 8% decrease in agricultural 
water demand.    
Results indicate that greater residential development in the area leads, in most 
cases, to a decrease in water demand.  Over 2600 acres of agricultural land were 
converted to residential land, although other agricultural lands were created at this time as 
well, resulting in an average GPD per acre decrease of 265 for all such lands converted.  
Multiplying by the acreage indicates that nearly 700,000 GPD of water was saved by this 
conversion.  Of course, certain conversion resulted in increases.  For example, row and 
field cropland converting to an apartment complex will result in an increase in water 
demand per acre.  However, the same farm converting to a single family home 
development results in less water demand.  All agricultural conversion to single family 
home parcels resulted in an average decrease of 280 GPD per acre of all such lands 
converted.   
Lastly, the results examining the Mean Weighted Center (or locus) of water 
demand, shown in Figure 12, show that from 2001 to 2011 the locus of water use has 
shifted only 1968 feet South and West of the 2001 locus (Fig. 9).  The loss of farmland to 
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SFWMD pushed it east while the proliferation of nurseries in the center of Redland 
caused the locus to stay more centralized, thus not causing a radical shift.  Understanding 
which way water demand is moving could allow managers and planners to forecast future 
infrastructure improvements.   
 
Figure 12 Locus Shift of Water Demand in Redland from 2001 to 2011 
 
Richmond 
West
Naranja 
Farmland 
acquired by 
SFWMD 
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As for the general land use analysis, in both 2001 and 2011, all general categories 
other than agriculture and residential, played a small part in water demand.  However, by 
examining Table 9 changes by general land use category can be observed.  Though, 
residential water demand increased by nearly 5%, the amount of acreage dedicated to 
residential uses increased by 63%.  This can be explained due to a downward estimate of 
many residential land uses by the WASD, which resulted in a lower estimation for most 
residences.  The WASD has said that apparently citizens are becoming more water 
conscious, and this is responsible for the drop (Virginia Walsh, personal communication).  
Commercial acreage increased by 39% yet GPD increased over 260%.  This is most 
likely due to the fact that commercial GPD is calculated by the size of the buildings and 
not the acreage of the parcel.  Conversions to more intense commercial uses may also 
have played a part.  Hotels decreased only slightly in acreage but far more in GPD and 
this can be explained by an overall loss of rooms since GPD for hotels is calculated per 
room.  Though, industrial acreage increased its GPD actually decreased due to changes 
within industrial categories, particularly to low water using warehouses.  Institutional 
increases in water demand kept largely in pace with increases in acreage.  Though parks 
actually lost acreage their water usage increased.  This can be explained due to the fact 
that this category contains cemeteries, golf courses, and private clubs and marinas and 
there was an increase in some of these facilities, despite the overall loss of this category.  
Other public lands in this category were not assigned any water demand.  Roads and 
Utilities also include many facilities involved with infrastructure or utilities and these 
buildings were assigned water values.  The loss of land can largely be attributed to the 
conversion of a utility corridor to agricultural uses found in the Western third of Redland.  
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The power lines are still there but the land below them is now being farmed.  Vacant 
lands also increased by 75% yet had a decrease in water demand by over 90%.  Lastly, 
the water category, which also can include adjacent facilities, showed a certain water 
demand.  All three of these categories: Roads and Utilities, Vacant, and Water exhibit 
this difficult to explain behavior because the 2001 Appraiser data and the 2001 Land Use 
data have different classification methods as well as some disagreement.  For example, 
certain areas classified as Vacant in 2001 land use data actually had single family homes 
on them in the appraiser data and were therefore considered to have water demand.  By 
2011, many of these lands were properly assigned to residential or other appropriate land 
uses, thus reducing disagreement between the two 2011 data files.  Also, all buildings 
were considered to have some sort of water demand (bathrooms) and certain parcels on 
these three categories had buildings.  Lastly, as explained in Chapter 3, there is always a 
certain amount of error when converting from vector to raster and therefore certain cells, 
a small number, contain both a road classification as well as a water demand that is an 
artifact from an adjacent land use.   
Table 9 Land Use and Water Use Change by Generalized Land Use Category 
 
General Land Uses Acreage change GPD Change
Residential 3352 214,320
Commercial 67 220,285
Hotel -2 -9,601
Industrial 5 -33,144
Institutional 111 34,007
Parks -325 27,884
Roads and Util -422 -880,278
Agriculture -6007 -3,277,585
Vacant 3375 -2,159,785
Water -17 -88,693
Total -5,952,590
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4. Discussion and Conclusion 
By analyzing the two appraisers’ shapefiles from 2001 to 2011, Redland had an 
increase in housing units of 28%.  If we can then use this to assume that the population 
increased by approximately the same amount, then it is interesting to note that a 28% 
increase in population resulted in a water demand decrease of nearly 12% during the 
same time period.  Given the finite amount of land that any particular area contains, a 
forecast that Miami-Dade County will grow from its current 2.5 million people to 3.2 
million people by 2040 (Florida Housing Data Clearinghouse) means more land, much of 
it agricultural, would have to be converted.  Coincidentally, this forecast is also a 28% 
increase from current population levels.  Since farmland in the West that was acquired by 
public agencies contributed to so much water decrease, it is important to note that when 
those lands are removed from the analysis, water demand in the remaining area is seen to 
increase by 1.55 million GPD.  Again, however, this increase is not due to development 
in the East, but to the conversion of row and field croplands and orchards to nurseries.   
Though the MDC WASD does forecast an increase in water use for MDC, that is 
only within its boundaries.  Its district will likely expand over time with a corresponding 
increase in the UDB and this will inevitably displace farmland.  Though GPD per capita 
within the WASD has declined over time, from 158 to 134 gallons per capita per day 
from 2008 to 2013 (Miami-Dade County, Miami-Dade Green), the sheer volume of 
population growth expected is still forecast to increase total GPD within its district by 
over 20% from 2011 to 2026 (MDC, 2011).   
When this research was originally conceived, I planned to use actual metered 
water data to model water demand in the agricultural areas of Redland.  However, when 
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the data was provided by SFWMD, it became apparent that very few parcels contained 
actual pumpage data.  In all of MDC, there are only 10 permits that had any data 
regarding actual pumpage.  These 10 permits each consist of multiple non-contiguous 
parcels spread across MDC.  Each permit has monthly pumpage records ranging from 
one record to 946 monthly records.  Also, most of the parcels constituting these permits 
actually lie outside of Redland.  This is because Redland lies within the “South Dade 
County Water Use Basin.” (Donna Rickabus, personal communication).  Within this 
Basin, only pumpages exceeding 15 million gallons per month are recorded.  This 
happened few times within Redland, and, again, each record is spread over the multiple 
non-contiguous parcels.   For this reason, validating the ET estimations of water use with 
actual pumpage rates is nearly impossible.  However, there is permit data that reflects 
water allocation for that permit.  Though this does not offer the exact amount used it does 
offer the maximum amount that the lands comprising the permit are allowed to use.  
However, the District made clear that even this data was a “data dump” and that it not 
only contained numerous gaps but that many zero and blank values were subject to 
interpretation and that there was no standardization of the values (i.e., some permits with 
zero values were actually allocated GPD over 500,000 – Donna Rickabus, personal 
communication).    
Despite the problems with this data, I compared it with the ET estimations by 
finding the difference in GPD per acre with the permitted allowable values.  I only took 
those values of those parcels that lined up on top of each other and were therefore the 
same parcels.  There were 92 parcels that met those conditions.  For the permitted data, I 
took the allowable GPD per day and divided over what the records indicated as acres 
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served.  It should be noted, however, that this comparison contains possible geographic 
imprecision because the acres served is often larger than the parcel indicated on the map 
when the geometry is calculated in GIS.   Thus the spatial data is used to align the two 
datasets while the field within the permitted data specifying acres served is used to 
calculate the GPD per acre.   I then compared this with the GPD per acre of the average 
percent irrigated area for that same parcel using the ET method.  For all agricultural 
parcels, ET averaged 1785 GPD per acre over those parcels while permitted allowable 
amounts averaged 2305 GPD per acre.  By examining allowable water uses vs. ET per 
the three main agricultural categories a more specific picture emerges (Table 10).    The 
results indicate that the ET method may be the most accurate for Groves and the least 
accurate when accounting for nurseries.   However, again, it must be emphasized that the 
permitted data, even if it is perfectly accurate geographically, indicates only maximum 
allowable GPD per acre, not the actual average amount that was pumped.  Nevertheless, 
since the disparities are large in the Row and Field as well as Nurseries categories it is 
possible that the ET method is actually underestimating water demand in Redland.   
However, these possible underestimations, far from undermining the conclusions of this 
research may actually bolster at least some of them.  First, if agricultural water demand 
has been underestimated using ET, than the overall decrease in water demand estimated 
in this research may be even greater, thus lending even greater weight to the need to 
move away from population numbers as the most important factor in water demand.  
Second, the conversion of agricultural lands to residential lands may have led to an even 
more dramatic reduction in water demand in all such lands converted than this research 
suggests.  Third, the identified areas of greatest water demand increase (those row and 
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field croplands as well as groves that converted to nurseries) may possibly have been 
even more dramatic as well.  Table 10 indicates little difference between ET estimates of 
GPD per acre (over actual irrigated land) between groves and nurseries with nurseries 
estimated to demand 50% more water than row and field cropland.  The permitted data, 
on the other hand, shows nurseries as demanding 104 % more water than groves and 
116% more water than row and field cropland.  Therefore, if these numbers are more 
accurate, and the ET method underestimate disparities in the different type of croplands, 
then conversion of row and field croplands as well as groves to nurseries would result in 
an even greater increase in GPD per acre in all such lands converted.  Due to the 
geographical and temporal intermittence of permitted data throughout Redland, a total 
comparative analysis between the two methods (and the different overall water demand 
estimates) is not tenable.  Nevertheless, if ET does indeed underestimate water demand 
per acre for nurseries then their proliferation in Redland begs even closer scrutiny for 
water managers than this research suggests.   
Table 10 Comparison of ET with allowable maximum GPD based on SFWMD permits
 
A return to the hypotheses in Chapter 1 is now prudent to review how the results 
shed light on their accuracy. 
I. The conversion of agricultural lands to residential lands in Redland has resulted 
in an overall increase in water demand for Redland. 
Ag Land Use Avg Permitted Allocated GPD Avg Estimated GPD using ET Percent diff
Groves 2260 2001 89%
Row and Field 2398 1341 56%
Nurseries 4895 2016 41%
Nurseries/Groves 217% 101% 46%
Nurseries/Row and Field 204% 150% 74%
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Result: The results clearly indicate that, in general, the opposite is true and that 
the conversion of agricultural land to residential lands has decreased water 
demand. 
II. Farmland that converts to residential lands results in an increase in water 
demand per acre. 
Result: This is also not true.  The overall conversion from agricultural to 
residential resulted in decreases in water demand per acre.   
III. Areas of greatest water demand intensity change are in the Northeast corner 
(Richmond West) and the Southeast Corner (Naranja) due to the heavy 
conversion from farmland to residential development there. 
Result: Though there are certain sections of Richmond West and Naranja that 
have increased in water demand, most of these areas have actually decreased 
water demand due to lowered estimates of residential water use by WASD as 
well as conversion of agricultural lands to residential lands.  Much of the 
greatest increase actually involved the conversion of row crops and groves to 
nurseries. 
IV. With increases in development, water demand has shifted from West to East 
within Redland. 
Result: Water demand has shifted to the East but this has more to do with the 
loss of croplands in the West then the conversion of farmland in the East.   
V. Residential water use has increased while agricultural water use has decreased. 
Result: Though this is true in absolute numbers, with the total GPD for 
residential increasing and the total GPD for agriculture decreasing over the 10 
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year period, as a percentage of overall demand, a slightly different picture 
emerges.  Though Residential water demand increased both in absolute numbers 
as well as a percentage of overall water demand, the agricultural sector also 
increased its share of water demand, by going form 79% of overall demand to 
82%, despite the loss in overall GPD in the sector.   
Though updated estimations of water demand by land use, as well as consistency 
in land categorization, would help make this exercise more accurate, the estimation 
techniques offered here do help to paint a picture of how water demand may actually be 
changing in Redland.  With no question, large changes in land use have taken place and 
they surely have implications for water demand.  Though the figures proffered here must 
only be used with caveats, the maps, particularly Figure 7, offer a picture that probably 
reflects best general water demand changes on the landscape, if not the exact quantity of 
change.  Without reliable metered data, and with privacy concerns related to municipal 
water records of private citizens, it is difficult to portray water use with perfect, or even 
admirable, accuracy.  Nevertheless, the effort is worthwhile.  Since climate change brings 
with it continued sea level rise and future saltwater intrusion into groundwater and MDC 
continues to grow in population, it is prudent to perform an exercise that couples land use 
with water use as it may become a diminishing resource.  By examining how past land 
use change may impact corresponding water use change planners and water managers, 
both in SFWMD and WASD, can better plan for the future. 
Though much is often made of the increase in population that is sure to come with 
MDC’s future, of even greater importance is accurately forecasting and planning for 
future land use changes.  Though the two are related, they are not the same.  Will 
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newcomers live in single family homes or apartments?  Will they start their own 
businesses, perhaps by adding to demand for more commercial space?  Which farms will 
be developed to make room for further expansion?  Will political will slow further 
farmland conversion?  Will the Urban Development Boundary continue to expand?  Will 
more farmland be acquired by the SFWMD?  The answers to all of these questions have 
water demand implications.  By using and refining the techniques this thesis calls upon, 
projections of land use change can be associated with water demand change and a more 
sustainable future can be both planned for and hopefully realized.   
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Appendices 
Appendix 1 
Miami-Dade County WASD Estimations of Water Use by land use category.  Note: old 
values are struck through and used for 2001 estimations while the other values are used 
for 2011 estimations.   
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Appendix 2: Miami-Dade County Land Use Codes used by the appraiser’s office in 
conjunction with supplemental State Land Use Codes (Extracted from Loffredo, 2008 
and originally obtained from Daena L. Harrell, CFE, Real Estate Evaluator II)(Attached 
as a PDF document) 
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Appendix 3: Assumptions used to interpret information in Appendices 1 and 2 in order to 
estimate municipal water demand in the MDC. 
 
Assumptions for Municipal Water Use: 
All Fractions without units imply GPD per square footage.  For both 2001 and 2011 I 
went through to make sure any home that was vacant or under construction (having 0 
square foot and no year built date) was given a water demand of 0.   
2001 Appraiser Shapefile (This file contained no SLUC information).  Estimated based 
on struck through estimations in WASD document (Appendix 1). 
CLUC = 001 = SFH = 350 GPD 
CLUC = 002 = duplex = 250 GPD per unit 
CLUC = 003 = apartment = 200 GPD per unit 
CLUC = 004 = some are vacant, those that are not are treated as SFH at 350 GPD 
CLUC = 005 – cluster homes – treated as SFH 
CLUC = 006 – Mobile Home 300 GPD per unit 
CLUC = 007 – Condos, some vacant.  Those with 0 square footage given 0 GPD.  Those 
with square foot were given 200 GPD. 
CLUC = 009 – Mixed use, primarily residential.  Those that have beds and baths, treat as 
SFH (350).  Those that are just buildings were given 10/100. 
CLUC = 010 – Townhouses – those that have -0 square footage given 0 GPD (vacant), 
those with square footage given 250 GPD per unit. 
CLUC – 011 – This one is tough and very diverse group and no SLUCs to help guide.  I 
looked for those that appeared to be restaurants (fast food) and assumed 50 seat capacities 
in each.  35*50 GPD   
 For sit down restaurants I again assumed 50 seats at 50GPD per seat so 50*50 
 For gas / auto service I assumed 10/100 
 All others were treated as office buildings / retail and given 5/100 
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CLUC 013 was office buildings and given 10/100 
CLUC 014 is Wholesale outlets, produces and is given 50/100 
CLUC 015 is entertainment 
 I treated Redland Country Club like a golf course (see above) 
 I treated Monkey Jungle like pasture land (see above) 
 The 2 others were 5/100 
CLUC 017 – Only two had buildings and they were given 5/100.  
CLUC 019 – Auto Sales, Auto Repair – 10/100 
CLUC 022 – Hotels – 100 GPD per unit 
CLUC 0026 – Service Stations again 10/100 
CLUC 0029 – Mixed Use Commercial 5/100 
CLUC 0032 – Assume wet manufacturing at 20/100 
CLUC 0034 – Market Food processing Canneries 35/100 
CLUC 0036 – Due to lack of specificity and many possible GPD I assumed 10/100 GPD. 
CLUC 0037 – Warehouse or storage so 20/1000 
CLUC 0041, which is schools, it asks for GPD per student.  We don’t know that so we 
assumed 10 GPD per 100 square feet.   
CLUC 0043 (retirement homes and hospitals) I assume those buildings with no 
bathrooms have no water use.  For buildings with bathrooms I take 150 GPD per 
bedroom per the instructions 
CLUC 0044 – Houses of Worship Treat houses of worship as 10/100 since old guidance 
goes by seat and we don’t have that info we use new guidance which says 10/100.   
CLUC 0047 – County owned housing and other non-school properties.  Much is public 
housing so did 200 GPD per unit for those and those without bedrooms did 10/100. 
CLUC 0048 – Schools.  Early guidance did by student which we didn’t do so I used new 
guidance of 12 GPD/100. 
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CLUC 0054 - Cemeteries like golf courses.  (See above) 
CLUC 0057 (parsonage) I treat like a SFH. (350 GPD) 
CLUC 0062 – Right of way 0 GPD 
CLUC 0063 – more right of ways.  Those with buildings give 10/100 and those without 
get 0.   
CLUC 0065 – Parking lots and parking garages get 0 GPD. 
CLUC 0066 – Extra Features on vacant lots.  NO structures and all 0 GPD. 
CLUC 71 thru 81 is Agricultural and will be ignored 
CLUC 84 thru 89 will all be ignored since they are state and federal land with the 
exception of CLUC 099 that is a UF college.  I took square footage of building, divided 
by 5000 and then multiplied 550 GPD like a huge SFH.  
2011 Appraiser Shapefile (This file DID contain SLUC information) is Estimates based 
on non-deleted estimations in WASD document (Appendix 1). 
CLUC 001 – SFH – Less than 3001 square feet = 220 GPD 
      3001 to 5000 square feet = 320 GPD 
      Over 5000 = 550 GPD 
CLUC 002 duplex – 180 GPD per unit 
 CLUC 003 – Apartments 150 GPD per unit 
CLUC 004 – Single Family Home Total Value those with no structures are 0 and those 
with structures are treated like any other SFH. 
CLUC 005 – Cluster homes – treated like any other SFH 
CLUC 006 – Mobile Homes 180 GPD per unit 
No CLUC 007 
No CLUC 008 
CLUC 009 – Treated like any other SFH (mixed residential) 
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CLUC 0010 – Townhouse – 180 GPD per unit (those that are vacant get 0) _ 
CLUC 011 – Retail Outlet - to determine if it’s a market (35 GPD/100),  
SLUC 1300 = department store 10 GPD/100.  
SLUC 2100 = Restaurant with seating 100 GPD/100.   
2200 = drive thru restaurant 50/100.   
2600 = gas station 450 GPD.  I don’t know for 1200 so I left it with 10/100.   
1600 is shopping mall.    
I leave 2500 as 10/100.   
CLUC 013 - Office Building – all get 5/100 
CLUC 14 = wholesale produce. I treated like market 35/100.   
CLUC 0015 – Entertainment 
 CLUC 015 is entertainment 
 I treated Redland Country Club like a golf course (see above) 
 I treated Monkey Jungle like pasture land (see above) 
 The 2 others were 5/100 
CLUC 017 – Shopping Centers, etc. were given 10/100 
CLUC 0019 – Automotive 10/100 
CLUC 0022 – Hotel and motel 100 GPD per room 
CLUC 0024 – Migrant camps.  Without specific guidance I gave 10/100. 
CLUC 0026 – Service Stations were 10/100. 
CLUC 0029 – Mixed Commercial 10/100 
CLUC 0032 – Assume wet manufacturing at 20/100 
CLUC 0034 – Market Food processing Canneries 35/100 
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CLUC 36 – SLUC 4200 is heavy industrial heavy equipment = Industrial Wet 20/100 
 SLUC 4300 is Sawmills, planning, mills, etc. = Industrial dry 2.5/100 
 SLUC 4800 is a warehouse = = 1/100 
 SLUCH 4900 is Open storage = 1.5/100 
 SLUCH 5000 is Agricultural improvement = 10/100 
CLUC 37 – SLUC 4800 9s a warehouse = 1/100 
 SLUC 4900 SLUCH 4900 is Open storage = 1.5/100 
 SLUC 5000 SLUCH 5000 is Agricultural improvement = 10/100 
 SLUC 9900 Acreage not classified as agricultural – Since all of these sites have 
buildings I will assume 10/100 
CLUC 40 SLUC 8200 this is Hammock Restoration.  0 GPD 
CLUC 41 SLUC 7200 = School = 12 GPD/100 
 SLUC 7300 = Religious School = 12/100 
 CLUC 42 SLUC 7500 = Assisted Living Retirement All same as 2001 
CLUC 43 = 1900 Professional Service Building  
 SLUC 7400 = Retirement Home =    
 SLUC 7500 = Assisted Living, etc.  
For all CLUC 43 I do same as 2001.  If they have no bathrooms or bedrooms I assume 
they are like an office building otherwise 150 GPD per bedroom. 
CLUC 044 = Houses of worship 10/100 
CLUC 047 – SLUC 8000 = 0 GPD because they are platted sites tentatively 
        SLUC 8200 = municipal park (I assume 1 person per 1000 square feet daily) 
If there is a bathroom I assume toilets.  No assumption of showers.  So 5/1000 
        SLUC 8600 = County-Owned other than Schools.  Those that appear to be 
public housing are given the same as an apartment – 150/unit   others are assumed to be 
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campgrounds with lodging.  I used the 20 GPD per person (1000 square feet = a person in 
my assumption). 
CLUC 0048 – Schools.  12/100 
CLUC 0051 – These are homeowners’ association Common areas.  I will assume the 
same as golf courses since they are heavily landscaped.   
CLUC 0052 – Playground – assume landscaped like golf course.   
CLUC 0054 – Cemeteries treat as golf courses. 
CLUC 0057 – Parsonage treat as a SFH. 
CLUC 0062 – Utility right of ways – assume no water. 
CLUC 0063 – more right of ways.  Those with buildings give 10/100 and without get 0.   
CLUC 0065 – Parking lots and parking garages get 0 GPD. 
CLUC 0067 – Extra features on vacant lots.  I assumed only those with structures use 
water and that will be 10/100. 
CLUC 0069 – Miscellaneous Uses THE SLUC is 5000 so I took those that appeared to be 
homes and used the SFH rules.  I then took the one other with a structure and did the 
default 10/100.  The rest had no structures so were left at 0. 
CLUC 71 thru 81 is Agricultural and will be ignored. 
CLUC 84 thru 89 will all be ignored since they are state and federal land with the 
exception of CLUC 099 that is a UF college.  I took square footage of building, divided 
by 5000 and then multiplied 550 GPD like a huge SFH.  
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Appendix 4: Miami-Dade County Land Use Codes used by Planning Zoning (different 
from Appendix 2) – used for agricultural water estimation and overall land use change 
interpretation.   
 
MIAMI-DADE COUNTY DEPARTMENT OF PLANNING AND ZONING 
LAND USE NUMERIC CLASSIFICATION 
July 2008 
Numeric Classification  Miami-Dade Land Use Category 
  
000 RESIDENTIAL 
010 Single-Family, Med.-Density (2-5 DU/Gross Acre). 
011 Single-Family, High Density (Over 5 DU/Gross Acre, other 
than Townhouses, Duplexes and Mobile Homes). 
012 Townhouses. 
013 Single-Family, Low-Density (Under 2 DU/Gross Acre). 
020 Two-Family (Duplexes). 
030 Multi-Family, Low-Density (Under 25 DU/Gross Acre). 
035 Multi-Family, High Density (Over 25 DU/Gross Acre). 
050 Migrant Camps. 
061 Mobile Home Parks and Permanent Mobile Homes. 
100 COMMERCIAL & SERVICE 
101 Shopping Centers (Regional and Community). 
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110 Sales and Services (Spot commercial, strip commercial, 
neighborhood shopping centers/plazas). Excludes office 
facilities. 
112 Marine commercial (includes private commercial [non-
recreational] marinas and repair yards on public or private 
land). 
115 
200 
300 
Sports Stadiums, Arenas, and Tracks. 
Transient-Residential (Hotel-Motel) 
Industrial 
  
 
 
 
 
  
 
 
 
310 
 
Extraction, Excavation, Quarrying, Rock-Mining, excluding the 
resulting water body (see 917). 
20 Other Industrial Intensive, non-noxious. 
339 Other Industrial Extensive, non-noxious. 
*340 Other Industrial Intensive, noxious. 
*359 Other Industrial Extensive, noxious. 
370 Junk Yard. 
400 Institutional 
411 Public Schools, Including Playgrounds (K-12, Vocational Ed., 
Day Care and Child Nurseries). 
412 Private Schools, Including Playgrounds (K-12, Vocational Ed., 
Day Care and Child Nurseries). 
414 Colleges and Universities, Including Research Centers, Public and 
Private. 
420 Cultural (auditoriums, convention centers, exhibition centers, 
museums, art galleries, libraries). 
430 Hospitals, Nursing Homes and Adult Congregate Living Quarters. 
440 Houses of Worship and Religious. 
450 Governmental/Public Administration (Other than Military or 
Penal). 
451 Military Facilities. 
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460 Penal and Correctional. 
470 Social Services, Fraternal, Charitable (Shriners, Elks, Moose, 
Lions Club). 
500 PARKS AND RECREATIONAL OPEN SPACE (INCLUDING 
PRESERVES AND CONSERVATION) 
510 Local Parks and Playgrounds (Other than Schools).  Includes 
public tennis courts and pools. 
516 Recreational Vehicle Parks/Camps. 
* These codes are obsolete and no longer used.  The numbers are retained only for 
historical comparability purposes. 
517 Private Recreational Facilities Associated with private Residential 
Developments, except marinas/yacht basins (See 527). 
518 Private Recreational Camps/Areas not associated with private 
Residential Developments (Boy Scout/Girl Scout Camps, Private 
Recreational Camps).  Includes private tennis courts and pools 
that are part of the recreational complex. 
519 Beaches. 
527 Marina complexes (docks, piers, moorings, ramps, boat lifts and 
hoists, boat maintenance and repair, boat storage, fueling 
operations) for recreational craft located within Parks and 
Preserves and other small craft harbor complexes used primarily 
for recreation, including those associated with private residential 
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developments and yacht clubs. 
530 Golf courses, Public and Private. 
540 Cemeteries. 
550 Metropolitan Parks. 
560 Everglades National Park. 
561 Everglades National Park Expansion (As of 5/1/91). 
562 Biscayne National Park. 
570 Water Conservation Areas. 
580 Other Nature Preserves and Protected Areas (State Mangrove 
Preserves, Turkey Point Wilderness Area, Great Cypress Swamp 
Preserves, and acquired EEL sites). 
600 TRANSPORTATION, COMMUNICATION, 
AND UTILITIES 
610 Airports (other than Military and Small Grass Airports). 
611 Small Grass Airports (Includes Crop Dusting Activities). 
612 Ocean Ship Terminals and Port Facilities, Bay and River Based. 
613 Bus/Truck/Freight Forwarding Terminals. 
620 Railroads - Terminals, Trackage, and Yards. 
630 Electric Power (Generator and Substation, and Service Yards). 
631 Major Transmission Lines. 
632 Oil and Gas Storage (Tank Farms). 
633 Communications (Radio, TV, Cable, and Phone), excluding 
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Antenna Arrays. 
634 Antenna Arrays. 
635 Water Supply Plants. 
636 Sewerage Treatment Plants. 
637 Wellfields. 
640 Streets and Roads, except Expressways and Private Drives. 
641 Paved Expressways and Ramps. 
642 Private Drives. 
645 Expressway right-of-way and associated open and landscaped 
areas excluding paved expressways and ramps. 
646 Street right-of-way and entrance features both public and private. 
650 Parking - Public and Private Garages and Lots. 
660 Solid Waste Disposal and Transfer (Includes Dumps, Solid Waste 
Land Fills, Resource Recovery Plants and Facilities, Trash 
Transfer Stations). 
670 Road Maintenance and Storage Yards, and Motor Pools. 
700 AGRICULTURE 
710 Groves. 
720 Row and Field Cropland. 
730 Pasture (Grazing, Animal Farming, Dairy Farms and Animal Feed 
Lots), excluding Horse and Poultry. 
731 Horse Training and Stables. 
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732 Poultry 
750 Fallow 
760 Plant Nurseries (Includes Sod Farms and Ornamental Nurseries). 
770 Fish Farms (Includes Tropical Fish Aquariums, Fish and Alligator 
Farms). 
780 Farm Storage Areas (Storage Structures or Lots for Farm 
Implements). 
790 Agriculture, Other (Exotic Birds, Monkeys, Research Facilities). 
800 UNDEVELOPED 
801 Vacant, Non-Protected, Government-Owned or controlled. 
802 Vacant, Protected, Privately-Owned. Proposed and designated 
EEL sites until acquired. 
803 Vacant, Protected, Government-Owned or controlled. (A-list 
Eelsites) 
804 Vacant, Non-Protected, Privately-Owned. 
805 Vacant, Under Development. 
900 INLAND WATER 
910 Rivers and Canals.(Water) 
911 Canal right-of-way. 
917 Inland water bodies (Lakes, Rock Pits) associated with extraction, 
excavation, quarrying and rock-mining activities. 
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918 Inland water bodies (Lakes, Watercourses) associated with 
residential developments. 
919 Inland water bodies (Lakes, Ponds, and Watercourses) associated 
with industrial areas, industrial parks and new industrial 
development. 
920 Other inland water bodies (Lakes, Ponds, Watercourses other than 
rivers and canals), including road borrow pits. 
930 Coastal water bays and ocean 
931 Coastal Waters within Everglades National Park. 
932 Coastal Water (Bay only) within the Biscayne Bay Urban Aquatic 
Preserve (Excluding Ocean Waters). 
933 Coastal Water (Bay only) within Biscayne Bay National Park 
(Excluding Ocean Waters. 
934 Coastal Water (Ocean only) within Biscayne National Park 
(Excluding Bay Waters). 
935 Remaining Bay Waters (Excluding Ocean). 
936 Remaining Ocean Waters (Excluding Bay). 
 
 
 
 
 
 
